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Two clones of methicillin-resistant Staphylococcus aureus
in Poland
Krzysztif 1Yzciriski 1, Willem van Leeuwen 2, Alex van Belkum 2, Pawel Grzesiowski 3,
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Department of Bacteriology, Rotterdam, The Netherlands; 3University Children's Hospital, Warsaw,
Poland; 4Robert Koch Institute, Wernigerode, Germany
Objective: To evaluate relatedness among methicillin-resistant Staphylococcus aureus (MRSA) strains isolated in
Poland.
Methods: Ninety-three MRSA hospital isolates were collected from different regions in Poland from 1990 to 1992.
Strains were analyzed with respect to heterogeneity of methicillin resistance, phage types, resistance patterns, crystal
violet staining. chromosomal DNA Smal restriction patterns by PFGE, ERIC1 and ERIC2 AP-PCR types and DNA repeat
polymorphism within the protein A gene. Resistance to methicillin was confirmed by the detection of the mecA gene by
peR.
Results: The combined results of typing methods demonstrate that all MRSA strains analyzed could be easily divided
into two distinct clones (cionally related strains). The first consisted of strains with clear heterogeneous expression of
resistance to methicillin (34 isolates) and the second showed more homogeneous resistance (59 isolates). In this study
the best method for epidemiologic analysis of MRSA was found to be PFGE. A good correlation between the epidemic
behavior of MRSA and a high number of repetitive DNA units within the protein A gene was observed.
Conclusions: Results show that in Poland two distinct clones of epidemic MRSA have circulated in the past, easily
discriminated by pheno- and genotyping methods, and both could be found together in a single hospital.
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INTRODUCTION
Clonal spread of methicillin-resistant Staphylococcus
aureus (MRSA) has been suggested on the basis of
studies demonstrating that a large collection of MRSA
isolates collected worldwide during a large timespan
was genetically homogeneous [1,2]. This would suggest
that after the fIrSt MRSA emerged it subsequently
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traveled the world and found multiple niches in
geographically diverse regions. However, other reports
suggest that multiple episodes of horizontal gene
transfer among staphylococci have occurred and that
multiple MRSA clones exist [3]. Clonality of bacterial
pathogens is of direct clinical importance (4,5]. Clonal
spread may indicate that certain types of bacteria are
at an ecological advantage when compared to other
strains. Several strategies that can be used for the deter-
mination of genetic relatedness have been described in
the literature [6,7).
Although MRSA was first described in Poland
over 30 years ago [8,9] there has been no continuous
surveillance up to now. Recent studies indicate
the high prevalence of MRSA strains in many
Polish hospitals, where they are amongst the most
common multidrug-resistant nosocomial pathogens
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[10], although the data concerning other hospital
pathogens are also sporadic and as yet no nationwide
studies have been performed [11-13].
In this investigation we used two DNA typing
procedures, pulsed-field gel electrophoresis (PFGE)
[14] and arbitrary primed polymerase chain reaction
(AP-PCR) [15), to study genetic relatedness among
Polish strains of MRSA. Additionally, detection of
protein A gene polymorphism, crystal violet stain,
phage typing, and the antibiotic sensitivities of the
strains were used to corroborate the genetic data. It has
been documented recently that in certain Polish
hospitals genetically homogeneous clones of MRSA
exist [16]. A major question is whether this reflects a
local situation or whether clonal uniformity is a
characteristic feature of all or many Polish MRSA
strains.
MATERIALS AND METHODS
Bacterial strains and phenotypic identification
Ninety-three isolates of S. aureus (isolated from 85
patients and one nurse) were included in this study.
Most of these isolates (n=71) were derived from
patients in four hospitals in different parts of Warsaw
(University Children's Hospital, 56 isolates from 46
patients and one nurse; Children's Memorial Hospital,
10 isolates from nine patients; University Hospital,
three isolates; and the Institute of Tuberculosis, two
isolates). In the cluster of isolates from the University
Children's Hospital, different MRSA strains were
transferred into this hospital with patients from four
other hospitals located in Warsaw and from Kielce
(MR22), Nowe Miasto (MR4), Pruszkow (MR57) and
Szczecin (MR 10) [17]. In the group ofisolates from the
University Children's Hospital, seven MRSA strains
were isolated during a study on carriage of MRSA
amongst patients and personnel of the neonatal ward,
performed during the first four months of 1992. Also,
strains from patients in hospitals located in cities as
diverse as Wrodaw (n=10), Gdansk (n=7) and Krakow
(n=5) were included. Most of the strains were collected
during the first 10 months of 1992 (n = 88). Five were
isolated before that time-three in 1990 (SA 112,
SAl15 and SA116) and two in 1991 (SA316 and
SA321). All isolates were identified and confirmed to
be s. aureus by detection offree coagulase and clumping
factor. All the strains were propagated on agar slants and
stored in lyophilized form. Bacteria were recultured on
blood agar prior to typing experiments.
Determination of methicillin resistance
Methicillin resistance was detected as described pre-
viously by Lencastre et al. [18]. One hundred micro-
liters of an overnight culture in tryptic soy broth (TSB,
Difco; Detroit, Michigan, USA) was spread on tryptic
soy agar (TSA, Difco) plates containing 25 mg/L
methicillin (Sigma, St Louis, Missouri, USA) and
incubated aerobically at 37°C for 40 h. The expression
of resistance to methicillin was considered hetero-
geneous when growth of countable colonies was
observed or homogeneous when confluent growth
occurred [19].
Antibiogram determination and biochemistry
Resistance to antimicrobials was determined by disk
diffusion according to the NCCLS guidelines [20),
with disks of penicillin, streptomycin, gentamicin,
amikacin, erythromycin, clindamycin, chloram-
phenicol, tetracycline, rifampin, ciprofloxacin, mu-
pirocin, teicoplanin and vancomycin (Oxoid, Unipath
Ltd, Basingstoke, Hampshire, UK) using Mueller-
Hinton agar (Oxoid). Detection of /3-lactamase
production was checked with nitrocefin disks (Cefinase,
BBL, Cockesville, Maryland, USA). Crystal violet
typing was performed as described previously [14),
with classification of isolates according to the color of
the colonies: type A, yellow or yellowish; type C, violet
with orange shade.
Phage typing
Typing was performed using the international set of
phages, the experimental phages recommended by
Meyer et al. [21] (88, 89, 90, 91 and 92) and by the
Public Health Laboratory Service (PHLS, Colindale,
London, UK) [22] (616, 617, 618, 620, 622, 623,
625, 626, 629 and 630) and the local German
phage A994 [23]. Susceptibility to phages was deter-
mined at standard routine test dilution (RTD) and
100xRTD.
Pulsed-field gel electrophoresis
PFGE was performed essentially as described pre-
viously [16,24]. In short, bacteria were immobilized
in low melting agarose and treated with lysozyme
(Boehringer, Mannheim, Germany), lysostaphin
(Sigma), RNase (Sigma) and proteinase K (Serva,
Heidelberg, Germany), and afterwards bacterial DNA
was digested with the SmaI restriction enzyme
(Boehringer). Electrophoresis was performed in 0.5 x
TBE buffer using the CHEF DR-II system (BioRad
Laboratories, Hercules, California, USA). During the
15 h of electrophoresis, the switching time increased
from 5 to 60 s, and the second step involved an increase
of switching from 60 to 90 s during another 15 h.
As a size marker lambda concatamers (Promega,
Madison, Wisconsin, USA) were run in parallel with
the samples.
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Arbitrary primed PCR
AP-PCR was performed as described previously [25].
In this study the primers used to discriminate S. aureus
strains were identified as ERICl (5'-ATGTAAGC
TCCTGGGGATTCA-3') and ERIC2 (5'-AAGTAA
GTGACTGGGGTGACGC-3'). PCR was performed
with 10 ~L of bacterial DNA at a concentration
5 ng/IlL in a buffer system consisting of the following
components: 10 mM Tris-HCI, pH 9.0; 50 mM KCI,
2.5 mM MgClz; 0.Q1%gelatin; 0.1%Triton X-l00; 0.2
mM of the respective deoxynucleotide triphosphates;
50 pmol ofprimer; and 0.2 units of the Tth (Supertaq)
polymerase (HT Biotechnology Ltd, Cambridge, UK)
per amplification. Cycling was performed in Biomed
PCR machines (Model 60, Theres, Germany) and
consisted of the following steps: predenaturation at
94°C for 4 min and 35 cycles of 1 min at 94°C, 1 min
at 25°C, and 2 min at 74°C. Amplicons were separated
by electrophoresis in agarose gels and photographed.
Detection of the mecA gene by PCR
Detection of the mecA gene was performed as described
previously [26]. Bacterial DNA was subjected to
amplification as described above, except that the
cycling regimen was altered. Denaturation was at 94°C
for 30 s, annealing took place for 30 s at 55°C and the
chain extension was for 1 min at 74°C for a total of 40
cycles. The presence of a 522-base-pair amplicon was
indicative of MRSA.
Detection of protein A gene repeat polymorphisms
Determination of the number of repeated DNA
elements in the protein A gene was performed as
described previously [27]. After amplification of the
region spanning the repeats, amplicons were digested
with the restriction enzyme RsaI (Boehringer Mann-
heim, Germany). The actual number of repeats, with
a unit length of 24 base pairs, was determined by
electrophoresis.
RESULTS
All experimental results are summarized in Tables 1 and
2. According to the type of expression of resistance to
methicillin, the isolates were designated A or B. Type
A displayed heterogeneous expression of resistance
to methicillin (34 isolates); type B behaved homo-
geneously (59 isolates). This correlated with the crystal
violet types of the MRSA isolates-all heterogeneous
isolates (cluster A) grew in the form of type A colonies
on medium with crystal violet, whereas homogeneous
isolates (cluster B) showed the growth of type C
colonies. Two isolates (MR12 and MR25) which were
obtained from skin lesions on two consecutive days
from one patient belonged to different clusters and no
nasal carriage was detected. In all other cases, multiple
isolates from one patient belonged to the same cluster.
Studies on the carriage of MRSA in a neonatal ward
showed that six patients and one nurse were colonized
without any apparent staphylococcal infection, and
two patients were colonized in their gastrointestinal
tract only. The MRSA strain from the nurse was
isolated from her groin, whereas her nasal swab was
negative.
Simplified phage patterns of MRSA isolates are
presented in Tables 1 and 2. Phage types have been
encoded by letters for reasons of simplicity (Table 3).
Patterns were ordered alphabetically according to the
frequency of appearance, e.g. pattern A being the most
frequently encountered, B the next, etc. Two isolates
(MR52 and MRI021) were not typeable by any of the
phages used in the study. Susceptibility to phages from
the lytic group I was observed mostly in the cluster of
heterogeneous MRSA isolates and the most common
pattern was 29/79. No single strain was susceptible to
phages of lytic group II. In the case of phages of lytic
group III, 19 of 34 heterogeneous isolates showed
susceptibility to the single phage 53, and of the 59
MRSA isolates with homogeneous expression, 21
presented the pattern 6/75. In the case of phages from
the set described by Meyer et al. [21], pattern 88 was
commonly observed in both clusters. No single
predominant pattern was observed in typing with
PHLS phages. Only certain strains from cluster B were
susceptible to the local German phage A994 (35 of 59
isolates).
Differences between the isolates from the two
clones were also observed in antibiotic resistance
patterns. Heterogeneous MRSA isolates were generally
susceptible to all the antimicrobials tested except
tetracycline. It is important to remember that, by
definition, all MRSA strains are resistant to 13-lactam
antibiotics. Three isolates within this group were 13-
lactamase negative (MR14, MR68 and MR1013). They
could be distinguished from other MRSA strains not
only in the cefinase test but also by the large zone
of inhibition around the penicillin disk C!:29 mm).
Multidrug resistance was observed in cluster B. All but
three homogeneous MRSA isolates were resistant to
erythromycin and one was susceptible to streptomycin.
Resistance to the other aminoglycosides (gentamicin
and amikacin), chloramphenicol, rifampin and co-
trimoxazole was observed only among isolates from this
group. Rifampin-resistant strains were isolated only
from hospitals where tuberculosis patients were treated
with a therapeutic regimen involving this antibiotic
(University Hospital, Gdansk).
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Table 1 Survey of the data obtained for the collection of heterogeneously resistant MRSA strains
Protein A Phage pattern
Original gene PFGE Pattern of
number Source polymorphism type 2 3 4 5 6 resistance
University Children's Hospital in Warsaw
SA321 Blood 9 A2 a
MR1 Pus 9 A41 d a T
MR3 Wound ND A4' a b c T
MR4 Tracheostomy tube 9 A9' G k
MR5 Cerebrospinal fluid 9 A3 a e T
MR7 Pleural fluid ND A9' b c T
MR8 Breast milk 9 A3 d T
MR13 Umbilical inflammation 9 A3 a d a
MR14 Pus 9 A9 II b c T
MR25 Umbilical inflammation 9 A6II c u
MR27 Stool 9 AI2 a c a
MR29 Stool 9 All' a g f
MR33 Nose 9 All II v a a
MR44 Nose 9 A8 b b T
MR45 Perineum 9 AS d a F A T
MR52 Wound 9 A9IlI
MR53 Eye 9 A9'v b d T
MR55 Blood 9 A9IV b f h T
MR56 Blood 9 A9'v b d T
MR59 Cerebrospinal fluid 9 A9IV b T
MR61 Furuncles 9 A9'v b d c T
MR63 Throat 9 A9v1 b e T
MR64 Pus/thorax 9 A9v1 b d T
MR65 Furuncles 9 A9v, b e T
MR66 Furuncles 9 A9v1 b e T
MR67 Blood 9 A9v1 b f T
MR68 Blood 9 A9v b d T
MR69 Skin lesion 9 Al b I c T
MR74 Throat 9 A4IlI b C T
MR80 Umbilical inflammation 9 A4II b d g
MR81 Throat abscess 9 A9IV e
Children's Memorial Hospital in Warsaw-Mi~dzylesie
MR1009 Wound 9 A61 c
MR1013 Otitis ND A7 b f T,i
MR1021 Wound 9 AIO
PFGE types are named according to Figures 1 and 2. Phage types have been encoded by Roman lettering for reasons of simplicity. The six
digits imply reactivity towards: 1, lytic group I; 2, lytic group III; 3, additional phages (all of international basic set); 4, Meyer's experimental
phage; 5, PHLS experimental phage; and 6, local German phage A994. '-' implies non-reactivity. Letter coding indicates particular phage
patterns observed-see Table 3 for details. Capital letters indicate the reaction at RTD, small letters IOOxRTD only. Resistance to antibiotic
tested. T, tetracycline; A, amikacin; underlined symbols indicate intermediate susceptibility. Isolates MR55, MR56, MR59, MR61, MR63,
MR64, MR65 and MR66 originated from one patient. Note that all strains belonged to AP-PCR type AA and crystal violet type A.
ND=not done.
The phenotypic assays, although able to divide
all MRSA isolates into two clusters, were hardly
discriminatory within a particular cluster; however, the
crystal violet typing data appeared to be in full
agreement with the genotypic data. Phage typing did
not enable comprehensive comparisons between the
homogeneous and heterogeneous MRSA strains or
within both of these groups of clonally related strains.
Figure 1 illustrates the experimental data obtained
by PFGE. Clusters of isolates differing by only one
restriction fragment position were considered subtypes
and are denoted by roman numerals. Two major
genotypes (A and B) were encountered, but a relatively
large number of subtypes was identified as well. PFGE
type A, representing 34 isolates with heterogeneous
expression of methicillin resistance, could be divided
into 12 subtypes. In the case of PFGE type B,
representing 59 isolates with homogeneous resistance,
31 subtypes were recognized. The phylogenetic tree
shown in Figure 2, calculated by the method of
unweighted pair group with mathematical averaging
(UPGMA) analysis, reflects the above conclusion. The
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Table 2 Survey of the data obtained for the collection of homogeneously resistant MRSA strains
Protein A Phage pattern
Original gene PFGE Pattern of
number Source polymorphism type 2 3 4 S 6 resistance
University Hospital in Warsaw
SA 112 Wound 6 B2 N N T E S
SAl15 Wound 6 B3 B E T E S
SA 116 Wound 6 B4 B E T E S
University Children's Hospital in Warsaw
SA316 Burn wound 7 B21v e T E CI S G !1
MR10 Otitis 7 B22l1 0 a T E S G
MRll Tracheostomy tube 7 B22T1l g I A T E Cl S G A
MR12 Umbilical inflammation 7 B221I1 a I T E CI S G A
MR16 Tracheostomy tube 7 B16 q B h U A T E S G
MR18 Nose 7 B2211 P a T E CI S G A
MR22 Nose 7 B12 e g A A T E Q S G A
MR26 Tracheostomy tube 7 B16 h b T E S G A
MR31 Stool 7 B23 f f T E S G TIS
MR37 Wound 7 Bl7 K B A T E S G
MR38 Wound 7 Bl6 f a B A T E S G TIS
MR42 Nose 7 B20 A a T E S G A
MR47 Otitis 7 B6 g h 0 A T E Cl S G
MR49 Eye S B9 t 0 E A T E S
MR50 Blood 5 B2211 V A E G A
lv1R57 Blood 7 B22' c a A T E CI S G !1
MR70 Tracheostomy tube 7 B2I' d T E CI S G A
MR71 Throat 7 B8 a d T E CI S G A
MR75 Peritoneal dialysate 6 B2211 a A C A T E CI S G !1
MR76 Wound 7 B7' a E B A T E S G !1
MR77 Tracheostomy tube 7 B16 b B A T E S G
MR82 Tracheostomy tube ND B711 b B A T E S G !1
MR83 Bronchial exudate 7 B21 1l c a h a T E Cl S G !1
MR88 Throat 7 B16 b B A T E Cl S G !1
MR89 Tracheostomy tube 7 B21 1Il m S T E Cl S G A
University Hospital in Krakow
MR1001 Pleural fluid 7 B2211 a a C A T E S G A Ch
MR1002 Sputum 7 B2211 k a w A T E S G A Ch
MR1003 Wound 6 BIS a Z a T E CI S G !1
MR1004 Wound 7 BIO b n H T A T E CI S G !1 Ch
MR1005 Bronchial exudate 7 B2iv A A T E CI S G A Ch
Children's Memorial Hospital in Warsaw-Mi<;dzylesie
MR1006 Wound 6 B23 T E CI S G !1
MR1007 Tracheostomy tube 7 B28' A T E S G A Ch
MR1008 Wound 7 B2811 T E S G A
MR1011 Wound 6 Bi H x T E S G A Ch
MR1018 Eye 7 BS a T E CI S G !1
MR101812 Eye 7 BS b A T E CI S G !1
MR1019 Tracheostomy tube 7 B30 T S G A Ch
University Hospital in Gdarisk
MR1022 Wound 8 BII q R T E CI S A Ch TIS
MR1023 Wound 7 B2l v A D T E S G A R
MRI024 Furuncles 7 B2lv A G T E S G A R Q
MR1025 Skin lesion 7 Bl3 b B A T E S G !1 TIS
MRI026 Blood 7 Bl9 m. M. T E S G A Ch
MR1027 Blood 7 Bl4 a T E 5 .G Ch
MR1028 Wound 7 B27 a D a T E S G !1 R
Trzcinski et al: Methicillin-resistant Staphylococcus aureus in Poland 203
Table 2 continued
Institute of Tuberculosis in Warsaw
MRI030 Wound 7 B18
MR1031 Sputum 6 B21 lV
University Hospital in Warsaw
MR1055 Wound 7 B24
MR1058 Wound 7 B21v
MR1059 Wound 7 B25
MR1061 Wound 7 B31
MR1063 Wound 7 B27
MR1064 Wound 7 B26
MR1065 Bronchial exudate 7 B29
MR1066 Wound 7 B29
MR1068 Otitis 5 B25
MR1069 Urine 7 B26
Phage pattern
Original
number Source
Protein A
gene
polymorphism
PFGE
type 2
c
a
a
3 4 5 6
Pattern of
resistance
T E S G A
T E S G ~ R
T E Cl S G A
T E Cl S G A
T E Cl S G A
T S G A
T E Cl S G A Ch
T E S G ~
T E S G ~
T S G A
T E Cl S G ~ TIS
T E Cl S G A
PFGE types are named according to Figures 1 and 2. Phage types have been encoded by Roman lettering for reasons of simplicity. The six
digits imply reactivity towards: 1, lytic group I; 2, lytic group III; 3, additional phages (all of international basic set); 4, Meyer's experimental
phage; 5, PHLS experimental phage; and 6, local German phage A994. '-' implies non-reactivity. Letter coding indicates particular phage
patterns observed-see Table 3 for details. Capital letters indicate the reaction at RTD, small letters 100 x RTD only. Resistance to antibiotic
tested: T, tetracycline; E, erythromycin; Cl, clindamycin; S, streptomycin; G, gentamicin; A, amikacin; Ch, chloramphenicol; R, rifampin,
Ci, ciprofloxacin; TIS, co-trimoxazole; underlined symbols indicate intermediate susceptibility. Isolates MR70 and MR71 originated from
one patient; isolates MR 1018 and MR 10 18I 2 originated from that same sample of material but were checked separately because of
differences in morphology of colonies on agar medium with 5% sheep blood (pigmentation of the colonies, hemolysis). Note that all strains
belonged to AP-PCR type BB and crystal violet type C. ND=not done.
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Figure 1 Graphical presentation of the Smal patterns
obtained in PFGE for a small selection of the strains
studied. AP-PCR patterns of the same MRSA isolates are
presented in Figure 3. Numbering corresponds to the
(original) MR numbers given in Tables 1 and 2. Molecular
size markers in kilobase pairs are indicated on the right.
- 150
300
204 Clinical Microbiology and Infection, Volume 3 Number 2, April 1997
Table 3 Phage patterns, designated as codes, observed in the group of 93 MRSA isolates
International basic set of phages Experimental phages
Lytic group [ Lytic group III Add' by Meyer et aI. from PHLS Colindale A994
Code Pattern NO.b Pattern No. Pattern No. Pattern No. Pattern No. Pattern No.
A 29/79 10 6/75 21 95 6 88 27 616 8 A994 35
B 29 1 53 19 81 2 91 10 620 7
C 79 1 75 8 88/89/90 6 616/617 5
D 29/52/ 1 53/84 3 88/89/90/92 6 623 4
52A/79/80
E 84 3 90 5 617 3
F 75/84 2 88/89/92 4 617/620/622/626 2
G 85 2 88/90 4 616/623 2
H 84/85 1 90/91/92 4 616/617/626/630 2
[ 6/75/84 1 88/89 3 616/617/623 2
K 6/47/75 1 88/90/91 1 616/617/626 1
L 6/75/83A 1 88/90/92 1 616/630 1
M 6/75/83A/85 1 89/91 1 617/620/622/630 1
N 6/53/54/75/83A/ 1 88/89/90/ 1 616/617/618/
84/85 91/92 620/622/623/626
0 47/75/77/84 88/89/91/92 616/617/622
P 75/84/85 90/91 622
Q 47/53/75/ 91/92 616/620
77/84/85
R 75/83A 89/90/91/92 616/622
S 83A 620/623
T 75/85 616/617/620/622/
623
U 53/77/84 616/618/620
V 6/53/77/84 626
W 616/617/622/623/
626
X 616/622/625/630 1
Z 616/626 1
NT' 80 NT 21 NT 85 NT 16 NT 43 NT 58
, Add.=additional phages from international basic set.
bNo. =number of isolates with the given pattern.
, NT =not typeable.
The number of isolates harboring the given number of protein A
gene repealS is indicated.
Table 4 Survey of protein A gene repeat length variability
among clinical MRSA isolates
correlation coefficient among the type A isolates was
equal to or greater than 0.73, and among the type B
isolates equal to or greater than 0.75. The correlation
Cluster of MRSA strains
coefficient between the two clusters of clonally related
isolates was 0.58.
Figure 3 shows the two MRSA types as shown by
AP-PCR. Only two types of DNA banding patterns
were seen upon random amplification of the bacterial
DNA for either ofthe two primers. These were termed
either AA-PCR or BB-PCR genotypes. The grouping
is precisely congruent with the PFGE results, and
crystal violet typing also showed an identical pattern. It
is interesting to note that the subclonal variation
detected by PFGE was not seen in the AP-PCR assays
(see legend to Figure 3). The detection of protein A
gene polymorphism, although largely in agreement
with PFGE and AP-PCR data, showed some vari-
ability. Generally, the type A strains harbored nine
repeat units in the protein A gene, while for the type
B strains the average number ofrepeats was seven (Table
4), with greater variation.
3
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Trzcinski et al: Methicillin-resistant Staphylococcus aureus in Poland
ERIC 1
ERIC2
2000
800
200
2000
800
300
205
Figure 3 Survey of the AP-PCR data for a small selection of the strains studied. The upper and lower panels show the
DNA banding patterns obtained for primers ERIC1 and ERIC2, respectively. Numbering corresponds to the (ongmal) MR
numbers given in Tables 1 and 2. Note that in the lane presenting the AP-PCR pattern of isolate MR 10 in the lower panel
(in the 800-base-pair region) a polymorphic band is found. Since this involves a single band only, this is not included in the
interpretation. Only if multiple banding differences are visible is a new type defined. Molecular size markers in base pairs are
indicated on the right.
DISCUSSION
The first reports of clonal spread of MRSA [1,2]
described the genetic homogeneity ofstrains isolated in
various geographic areas. The possibility of horizontal
exchange of the antibiotic resistance marker was not
excluded, but seemed less likely. In subsequent reports
[3], additional clones were identified, demonstrating
the feasibility of the horizontal transfer of the
methicillin resistance phenotype.
The present results show that in Poland two easily
discriminated genetically distinct types of MRSA
circulate. Both these types possess a number of
repetitive DNA units within the protein A gene, which
is in agreement with their epidemic behavior. The
number of repeats seems to vary from five to nine,
peaking at a number of seven or nine repeats,
depending on the MRSA type. It has been suggested
that the possession of seven or more of these repeats
might be correlated with epidemic behavior [27]. The
strains with lower numbers of protein A gene repeats
(seven in the B type) were always multidrug resistant,
which might give them additional power to spread.
The type A heterogeneous MRSA strains with nine
repeats in the protein A gene were always recovered
from infected children. In the case of the B genotypes,
rather extensive polymorphisms could be detected in
this region. With PFGE, a larger number of subtypes
was found for this latter clone. This might be indicative
of a genome of lesser stability, genomic integration of
bacteriophages or a later stage ofdifferentiation (isolates
between 1990 and 1992). The B-type strain has been
isolated from hospitals throughout Poland, whereas the
A type has only been isolated in Warsaw, but this may
be explained by the failure of laboratories outside
Warsaw to recognize this strain (19]. It is important to
note that the A and B strains can be found together in
a single hospital, showing that the coexistence of
different MRSA clones is feasible [28].
It is clear that some clones of MRSA have a
selective advantage where spread is concerned. Having
a high protein A repeat number may be beneficial,
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but this alone probably does not provide the full
explanation. More effective colonization ofindividuals,
an environment with relatively high antibiotic pressure,
movement of personnel and/or patients between
hospitals and other circumstances may also provide
advantageous conditions. In the past decades, hospitals
in Poland may have comprised a relatively closed com-
munity and this may explain the successful maintenance
and inter-hospital spread of a few MRSA clones. The
A type was first recognized in 1991 and the B type in
1990. It will be very interesting to determine whether
the spread of these particular clones is influenced by
geographic or socio-economic factors. It may be that
the two MRSA clones which have spread in Poland
were imported separately and evolved independently
to their present status. This was recently shown in
Germany for an epidemic strain of MRSA which
originated from a methicillin-sensitive S. aureus strain
exhibiting phage pattern 95 [29].
Analysis of the SmaI restriction patterns by PFGE
seems to be the best method for epidemiologic analysis
of the MRSA isolates described in the study. Amongst
all typing methods used, this not only differentiates the
isolates in the two clusters but also established the
degree of relatedness amongst isolates analyzed within
clusters. AP-PCR allows discrimination of the clusters
but showed no diversity within the groups. Pheno-
typing methods (crystal violet staining, resistograms,
phage typing) were able to distinguish strains from the
two clusters but not within clusters. A combination of
crystal violet staining and resistance patterns was
more discriminating than phages alone, for which
susceptibilities were sometimes similar in both groups
of isolates.
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